The study was conducted among 92 male workers, divided into two groups depending on workplace and level of inorganic dust containing free crystalline SiO 2 in the work environment, and 43 healthy workers without exposure to dust aerosols. The measured inhalable and respirable dust concentrations, as well as the concentration of free crystalline silica (FCS) in the respirable fraction were different for the two groups, but the percentage of free crystalline silica in the respirable fraction was almost identical. Significantly higher neopterin levels were found in workers exposed to dust, compared to the control group: 12.72 nmol/L and 6.32 nmol/L respectively (p<0.05). No significant difference was found between serum neopterin levels in both groups of the exposed workers. Among the groups with different length of service, a statistically higher neopterin level was evident only in the workers with length of service less than 10 years (p<0.05). The correlation analysis did not find a significant dependence of neopterin levels on the age of the studied workers or on the duration of smoking in packet years. The difference between neopterin levels in smokers and non-smokers was nonsignificant. The results obtained show that increased neopterin levels in the exposed workers are not influenced by individual features, duration and level of exposure to inorganic dust, but mostly by the presence of FCS in the respirable fraction.
Introduction
Pneumoconioses are occupational diseases, characterized by accumulation of dust (aerosol comprising of hard inanimate particles) in the lungs and tissue reaction to its presence. Mineral dust (silica, asbestos, and silicates), coal dust and others preserve their fibrogenic qualities long after cessation of the exposure, thus leading to late progressing pneumoconioses. The relatively high count of cases, chronic and progressive development, and severe disability establishes pneumoconioses as significant occupational pulmonary diseases in Bulgaria [2] .
The content of free crystalline silica (FCS) in the dust is especially important for the development of pulmonary fibrosis. Inhaled dust particles can reach and settle in different parts of the respiratory system depending on their size, shape, chemical structure, efficiency of the lymphatic transport, self-cleaning capacity of the mucocilliary apparatus and the anatomical characteristics of the individual's bronchial tree [1] . The development of pulmonary fibrosis is mostly caused by dust particles sized 0.5-5 µm, which are capable of reaching the lower respiratory ways and pulmonary parenchyma, and form a lasting depot there.
The causes of the fibrogenic effect of free crystalline SiO 2 are not completely clarified [5] [6] [7] [15] [16] [17] [18] . Disbalance in the immune response regulation is suggested [8] [9] [10] [11] [12] [13] . Enhanced levels of interferon-gamma (IFN-γ), IL-12p40 messenger ribonucleic acid (mRNA) and proteins have been observed in an experimental model of silicosis, suggesting that a T-helper (Th)-1 lymphocyte subpopulation might dominate in this disease. Several studies supported the view that the inflammatory and fibrotic responses of the lungs to crystalline silica are mediated by proinflammatory macrophage cytokines [3, 14, [19] [20] [21] [22] . The activated macrophages produce TNFalpha, interleukin-1 (IL-1), interleukin-6, leukotriene B4 (LTB4) and take part as а trigger for the developing pulmonary fibrosis [13] .
The presented literature data show involvement of different cellular and humoral mechanisms in the development of pneumoconioses. Neopterin is indicated as an early biomarker of the cellular immune response. It is a low-molecular-mass compound belonging to the class of pteridines, produced by activated macrophages after stimulation with interferon-γ [24] [25] [26] . G. Gulumian et al., 2001 point out serum neopterin as a possible biomarker for the effect of SiO 2 [23] .
The purpose of this study is to determine the levels of serum neopterin in workers exposed to inorganic dust aerosol containing free crystalline silica.
Material and Methods
The study was conducted among 92 male workers in a surface coal mine, exposed to inorganic dust containing various amounts of free crystalline SiO 2 , and 43 healthy workers (control group) without exposure to dust aerosols. The examined workers and the control group had no history of autoimmune diseases. X-ray screenings among the exposed workers showed no cases of pneumoconioses.
The exposed workers were divided into two groups depending on workplace, levels of inorganic dust in the air of the work environment, and content of free crystalline silica (FCS) by percentage in the respirable fraction: 1st group -overburden removal (35 subjects); and 2nd group -coal extraction (57 subjects).
The exposed workers were also grouped according to length of service at the above-mentioned workplaces, age and smoking habits.
Inhalable and respirable dust fractions were measured according to the Bulgarian State Standard (BDS 2200-85), as well as the concentration of free crystalline silica in the respirable fraction (BDS 2280-87).
A blood sample was taken from every studied person to define the serum neopterin levels. Neopterin was detected by commercial ELISA kit (DRG). The test was performed following the instructions of the manufacturer. The developed color reaction was measured as OD units at 450 nm on an ELISA reader (Rosys Anthos 2010, Austria). The concentration of neopterin was expressed in ng/ml according to the kit's standard curve and multiplied by 3.95 to be presented in nmol/L.
Basic Statistic and Table for Windows was used for statistic evaluation of the results.
Results
The measured dust levels in the work environment in surface coal mining are shown in Table 1 . Inhalable and respirable dust fractions, FCS in mg/m 3 and percentage of FCS are also shown. The minimum and maximum measured levels for the inhalable fraction in the work environment for the 1st group of exposed workers were lower than those for the 2nd group. Similar results were obtained for the respirable dust fraction. The minimum level, measured in the 1st group, was four times lower than in the 2nd group. The maximum level of the respirable fraction was almost 1.5 times lower in the 1st group of workers. The levels of FCS in the work environment (mg/m 3 ) were two times lower in the exposed subjects from the 1st group. In both groups the percentage of FCS in the respirable fraction was more than 2%, minimum levels were 4.6% and 3.7%, and maximum levels were 7.7% and 7.9% respectively (Table 1) .
Neopterin levels in the 1st and 2nd groups were compared to those of the control group (Figure 1) . Significantly higher neopterin levels were found in workers exposed to dust, compared to the control group (12.72 nmol/L and 6.32 nmol/L respectively), p<0.05. Neopterin levels in the 1st and 2nd groups of workers were 12.80 nmol/L and 12.68 nmol/L respectively and were also significantly higher than in the controls, p<0.05. No significant difference in the serum neopterin levels was found in the analyzed samples from both groups (1st and 2nd). Figure 2 shows neopterin levels in workers with various lengths of service: less than 10 years (n=18), 10-15 years (n=44), 15-20 years (n=20) and over 20 years (n=10). Neopterin levels were significantly higher in all groups of workers compared to the control group. Among the groups with different length of service, a statistically higher neopterin level was evident only in the workers with length of service less than 10 years. Correlation analysis between neopterin levels and length of service proved to be non-significant (r=0.423; р>0.05). Figure 3 shows the exposed workers divided by age as follows: under 35 years of age (n=11), 35-45 years (n=42) and 45-55 years (n=39). No significant difference was found in neopterin levels in workers of different ages. The analysis again showed no correlation (r=0.679; p>0.05).
Neopterin concentrations in the non-smokers group (n=36) were higher than those in the smokers group (n=56), though not significantly (Figure 4) . No correlation was found between neopterin levels and duration of smoking in packet years ( Figure 5 ). The number of subjects in each group was as follows: under 10 packet years (n=12), 10-20 years (n=16), 20-30 years (n=15), and over 30 packet years (n=13).
Discussion
A number of contemporary in vivo, in vitro and epidemiological studies are aimed at determining the mechanisms of the appearance and progression of pneumoconioses. The pathogenic potential of different types of SiO 2 is thoroughly described, as well as the role of the activated alveolar macrophages in the development and progressing of silicosis, and participation of free generated oxygen radicals, which leads to damage of the pulmonary tissue and an increase in the expression of inflammatory cytokines (TNF-α, IL-1, TGF-ß) [4] . According to those authors, studies in the field of molecular mechanisms of the inflammatory process, which influence the progression of pulmonary diseases, will be especially necessary for developing effective treatment. The potential strategy involves inhibition of cytokines such as IL-1, TNF-α, use of antioxidants and inhibition of apoptosis [4] .
Neopterin (D-еrythro-trihydroxypropylpterin) is a stable low-molecular-mass protein produced in mammals by the monocyte/macrophages after stimulation with interferon. Various studies showed that neopterin can be used as a potential biomarker for immunity-related diseases such as rheumatoid arthritis, malignant processes, sarcoidosis, beriliosis, and interstitial pulmonary diseases [24, [27] [28] [29] [30] . Tzouvelekis et al., 2005 showed the possible use of some serum biomarkers in patients with occupational and environment-related diseases [31] . The authors presented the possibility for serum neopterin to be used as a diagnostic test in differentiating chronic beryllium disease from increased sensitization to beryllium. In the same publication the serum levels of angiotensin-converting enzyme and neopterin were commented as monocyte/macrophage activation markers. A. Mota Pinto et al., 2007, pointed out on the possible use of serum neopterin in asthma classification in their study on patients suffering from allergic and non-allergic asthma and controls. The authors indicated that patients with allergic and nonallergic asthma have neopterin levels close to or higher than the controls, respectively [32] . M. Saito et al., 1996 , showed the possibility for using neopterin as a marker of activated alveolar macrophages in patients suffering from interstitial pulmonary diseases [33] .
Our results for dust levels in the working environment are similar to those of other authors, according to whom respirable dust contains about 5-6% free crystalline silica and the actual silica content varies for the different coal fields [2] . The levels of the respirable and inhalable dust fractions (Table 1) were higher in the second group of workers compared to the first. The percentage of FCS in both groups was above 2% and in the range of 3.7-4.6% for the minimum and 7.7-7.9% for the maximum measured level. Neopterin levels in the exposed workers as a whole were significantly higher compared to the control group (Figure 1) . This confirms the theory of activation of the cellular immunity and of the macrophages in particular, a fact reported by other authors [25, 26] . The lack of significant difference in serum neopterin levels in the subjects from the two groups could mean that the activation of the alveolar macrophages is initiated by the presence of FCS over 2% in the respirable dust fraction and does not depend on the duration and levels of exposure.
The finding of significantly higher mean levels of serum neopterin only in workers with length of service less than 10 years is probably connected to the higher macrophageal activity in subjects with shorter length of service. The lack of significant difference in neopterin levels in workers with length of service more than 10 years might be explained with physiological adaptive mechanisms including counterbalance of the cellular immunity.
S. Harald et al. report a statistically significant linear correlation between neopterin levels and age, diastolic blood pressure and body mass index in a large number (1156) of healthy blood donors [34] , but our results showed no significant difference in neopterin levels among differently aged workers. The same authors find significant inverse correlation between neopterin and the amount of daily smoked cigarettes. Our results did not show correlation between neopterin levels and duration of smoking in packet years ( Figure 5 ). The higher neopterin levels, although non-significant, in nonsmoking compared to smoking workers corresponded to the results of E. Backe et al. The authors found higher neopterin levels in non-smoking welders compared to ex-smokers from the same profession [35] .
The results of the current study showed higher neopterin levels in workers exposed to inorganic dust compared to the control group. This supports the theory of activation of the alveolar macrophages and cellular immune response in workers exposed to inorganic dust aerosols. The lack of correlation between age, length and levels of exposure and risk factors like smoking on one hand and serum neopterin on the other, shows that neopterin levels in the exposed workers are influenced mostly by presence of FCS in the respirable dust fraction. 
